Objectives-To investigate the risk of lymphatic and haematopoietic malignancies in deck crew on tankers exposed to cargo vapours. Methods-The study design was as a nested case-referent study in two cohorts of male Swedish seamen 20-64 years of age at the national census 1960 (n 13 449) and 1970 (n 11 290), respectively. Cases were detected by record linkage with the Swedish Cancer Register 1961-79 and 1971-87, respectively. For each case, three to five age matched referents from the population were selected. Exposure was assessed from data in the Swedish Registry of Seamen and from a register of Swedish ships. Results-Seamen in the 1970 cohort, who had been exposed to cargo vapours for at least one month on chemical or product tankers, had an increased risk of lymphatic and haematopoietic malignancies (Mantel-Haenszel odds ratio (OR) 2.6, 95% confidence interval (95% CI) 1.1 to 5.9)) with a significant exposure-response relation (conditional logistic regression analysis, p=0.04). The ORs were increased for both lymphoma (3.2), multiple myeloma (4.0), and leukaemia (1.6), but the increase was only significant for nonHodgkin's lymphoma (OR 3.3, 95% CI 1.1 to 10.6). There were no significantly increased risks for the 1960 cohort or for seamen exposed only on crude oil tankers, but these groups had few exposed cases and low cumulative exposure to benzene and other light petroleum products. Conclusions-Seamen exposed to cargo vapours from gasoline and other light petroleum products on chemical or product tankers had an increased incidence of lymphatic and haematopoietic malignancies. One possible cause is exposure to benzene during loading, unloading, and tank cleaning operations. (Occup Environ Med 1998;55:517-521) 
We have previously reported two cases of acute non-lymphatic leukaemia among mates on tankers who had been exposed to benzene from cargo vapours. 1 In two articles from Norway, mates on tankers were reported to have increased morbidity and mortality from cancer. 2 3 The deck crew on chemical and product tankers can be exposed to high concentrations of cargo vapours. Product tankers carry mainly petroleum products such as gasoline, diesel oil, and fuel oils whereas a wide range of chemicals and petroleum products are transported on chemical tankers. 4 5 Benzene concentrations up to some 100 ppm have been measured during tank cleaning, loading, and unloading of gasoline and some other light refinery products. [6] [7] [8] Benzene is a well known leukaemogen 9 and has also been suspected to cause other malignancies such as lymphoma, including multiple myeloma. [10] [11] [12] [13] The results of a large benzene cohort study, recently published, showed a significant excess of leukaemia and lymphoma and a significant trend in the dose-response for both of these types of cancer separately. 14 The objective of this study was to investigate whether work on deck on tankers, especially chemical and product tankers, is associated with an increased risk of lymphatic and haematopoietic malignancies. In a nested casereferent study the exposure was estimated from type of job and type of ship.
Methods

STUDY DESIGN AND SUBJECTS
This is a nested case-referent study of Swedish seamen with two study bases. In the population and housing censuses 1960 and 1970 Swedish citizens were asked about their occupation at the time of the census. The two studied populations are men, 20-64 years of age, registered as seamen (deck and engine room crew) (codes 601-611 in the Nordic Classification of Occupation) at the National Censuses in Sweden 1960 and 1970 respectively. In all 13 449 and 11 290 men fulfilled these criteria.
Cancer cases were available from linkages between the censuses and the Swedish National Cancer Register. A potential case in this study is defined as a seamen in the census of 1960 or 1970, who had a lymphatic or haematopoetic malignancy (ICD8 200-207). Due to restriction on linking census data, we used two already available links. The Swedish Cancer Environment Register 1960 (CER60) is a link between the 1960 census and the Cancer Register for the period 1961-79. The CER70 is a link between the 1970 census and the Cancer Register for the period 1971-87. The two study bases thus partially overlap.
For each case, three to five potential referents were randomly selected from the same 5-year birth year stratum among men classified as seamen in the same National Censuses. All potential referents were checked against the National Cause of Death Register as the referent had to be alive at the year of diagnosis of the case.
A case or a referent also had to have a record in the Swedish Registry of Seamen. In this registry, which is held mainly for pension purposes, all positions held, including the name of the ships, and employment times, have been registered for all seamen working on Swedish ships. Eighty four per cent of the cases and referents from the linkages had a record in this registry.
In total 46 cases and 159 referents from CER60 and 46 cases and 132 referents from CER70 fulfilled the inclusion criteria. Eleven cases occurred both in CER60 and CER70 and were counted in both groups.
EXPOSURE
Data on times of service (dates, number of days), occupational category, the name of the ship, and the shipowner were collected from the Swedish Registry of Seamen.
The ship was then classified in one of three categories: chemical or product tanker; crude oil tanker; other-for example, ferry, general cargo, etc. This classification was based on information from a private register of Swedish ships (Walter Nilsson, Helsingborg). Through a random sample of 100 ships the classification was checked against a register held at the Swedish Shipowners' Association. All ships in the sample were classified in the same way in both registers.
The seaman was classified as exposed to cargo vapours, if he had worked for at least one month as a mate, boatswain, able seaman, or pumpman on a chemical tanker, product tanker, or crude oil tanker, which included oilbulk-ore tankers. Work in other occupations or on other types of ships was classified as unexposed. Those who were exposed only on crude oil tankers or oil-bulk-ore tankers were analysed separately as exposure to cargo vapours were considered to be lower on these tankers, due to a lower frequency of loading and unloading.
Each calendar month of the employment periods on ships was categorised as exposed or unexposed by an occupational hygienist. The exposure classification was done without knowledge of case-referent status. The referents were assigned the same year of diagnosis as the case. Only exposed months before the year of diagnosis for a case and the corresponding referents were considered in the analysis.
DATA ANALYSES
The analyses were done separately for CER60 and CER70. Stratified analyses were done with the statistical software package SAS (version 6.08). In the stratified analysis-that is, Mantel-Haenszel estimate-each case and referent were stratified according to year of birth (five-year intervals) and year of diagnosis (1961-70, 1971-9, 1971-80, and 1981-7) . Conditional logistic regression for analysis of matched sets was done with the EGRET statistical software package.
Results
In the 1970 cohort increased risks for lymphoma, multiple myeloma, and leukaemia were found for those who had worked on deck on chemical or product tankers, although the results were only significant for lymphoma and for all lymphatic and haematopoietic malignancies together (table 1) . We found no significantly increased risks in the analysis based on 1960 cohort, but the 95% confidence intervals (95% CIs) were wide due to the few exposed cases.
All cases of leukaemia in the group exposed to cargo vapours on chemical or product tankers were of the chronic lymphocytic type, except one case of unspecified myeloid type in the CER70 cohort. The Mantel-Haenszel odds ratio (OR) for chronic lymphocytic leukaemia (CLL) in the CER70 cohort was 3.9 (95% CI 0.7 to 21.1).
Comparatively few cases were exposed only on crude oil tankers (table 1). The ORs were generally lower for work on crude oil tankers than for work on chemical or product tankers, except for leukaemia in the 1960 cohort.
There was a positive exposure-response relation for all lymphohaematopoietic malignancies in the 1970 cohort (table 2) . The association between the risk of developing a lymphohaematopoietic malignancy and the number of exposed months before the year of diagnosis was significant in the conditional logistic regression analysis (p=0.04, likelihood ratio statistic). The ORs changed marginally when including a 5-year latency period, but the numbers of exposed cases were too small to make analysis by latency period feasible. *Mantel-Haenszel ORs (95% CIs). †Exposure = work as a mate, boatswain, able seaman, or pumpman on a tanker at least one month before the year of diagnosis.
The crude ORs (not shown) were generally similar to the Mantel-Haenszel ORs, indicating no major confounding of age or calendar time. The logistic ORs for work on chemical or product tankers in the conditional logistic regression analysis for all lymphatic and haematopoietic malignancies were similar to the Mantel-Haenszel ORs-that is, 2.4 v 2.6 for the 1970 cohort and 1.1 v 1.1 for the 1960 cohort (table 2) .
The excess risk for lymphatic and haematopoietic malignancies 1971-87 in Swedish seamen due to exposure to cargo vapours on chemical or product tankers was 8.6 cases (14 exposed cases v 5.4 expected)-that is, about one case every two years. Fourteen per cent of the referents were exposed to cargo vapours and 84% of the 11 290 seamen in the census occurred in the Registry of Seamen. The population at risk-that is, exposed groups on chemical or product tankers, would thus be about 1330 people (0.14×0.84×11 290). Thus, the excess rate in exposed seamen would be about four cases per 10 000 person-years (8.6/ 1330×17). The incidence for these malignancies in the Swedish male population was 4.3/10 000 person-years in 1980 in men of 30-74 years of age. 15 Thus, the incidence for lymphatic and haematopoietic cancers in seamen exposed to cargo vapours was about twice as high as in the general population.
Discussion
The results of this study indicate an increased risk of lymphatic and haematopoietic malignancies among the seamen exposed to cargo vapours on chemical and product tankers during the 1970s and 1980s, and that the risk increases with exposure time. The number of exposed cases in this study was comparatively small, and the results have to be interpreted with caution.
VALIDITY
There are few known confounders of lymphatic and haematopoietic malignancies. This is a nested case-referent study in which both cases and referents were seamen on Swedish ships. Socioeconomic status and smoking habits would seem to be similar for all seamen.
The number of exposed cases, especially of leukaemia, was small in this study. It has, thus, little statistical power to detect excesses of specific cell types of leukaemia.
A diVerential reporting of exposed or non-exposed seamen to the Cancer Register seems improbable. All cases of cancer in Sweden have to be reported to the National Cancer Register. An investigation showed that about 12% of cases of leukaemia or multiple myeloma were not reported to the Register. 16 This is somewhat higher than for most other malignancies.
One of the two index cases 1 was treated in a Swedish hospital but was not reported to the Cancer Register, and was, thus, not included in this study. Exclusion of the other index case resulted only in marginal changes of the ORs for the 1970 cohort (all lymphatic and haematopoietic malignancies OR 2.5, 95% CI 1.1 to 5.8; leukaemia OR 1.3, 95% CI 0.3 to 5.2).
The data in the population and housing censuses in Sweden 1960 and 1970 are considered to be reliable. The misclassification of occupation in the sector of transport and communication work was about 14% in the 1960 census, 17 which is somewhat higher than for most other occupations.
As this is a nested case-referent study in which both cases and referents were selected among the same study population of seamen it is likely that the mis-classification of both diagnosis and occupation is non-diVerential. The classification of exposure was based on occupational titles in a register as well as on the categorisation of boats. Furthermore, the classification was blinded with regard to case-referent status. The requirement that the referent should be alive at the time of diagnosis of the case tends to somewhat overestimate the exposure among referents, leading to conservative estimates of the risks.
Engine room personnel with possible exposure to oils, diesel exhaust, and some cleaning chemicals were included among the referents. If they had an increased incidence of lymphohaematopoietic malignancies, this would also tend to lower the risk estimates for the exposed group. Exclusion of engine room personnel from the material resulted in somewhat lower ORs and wider confidence intervals. Thus, it is not likely that these exposures increased the risks for lymphatic or haematopoietic cancers.
We have only information on occupation for cases and referents for the time periods they have worked as seamen on Swedish ships. Other relevant exposure could have led to misclassification of exposure, which probably is non-diVerential, thus leading to risk estimates closer to unity.
The numbers of exposed cases of lymphatic and haematopoietic cancers were small (n=6 in the 1960 cohort and n=14 in the 1970 cohort), which make the power to detect an increased risk low, especially in the 1960 cohort. Despite this, we found a significantly increased rate ratio in the 1970 cohort, which was supported by a significant dose-response relation.
CAUSES OF INCREASED RISKS
The increased risk could be caused by exposure to cargo vapours containing, for example, benzene. Product tankers carry mainly petroleum products, whereas a wide range of chemicals, including petroleum products-such as gasoline-are transported on chemical tankers. For most hazardous chemicals there are safety regulations which restrict the exposure, whereas gasoline and other petroleum products were often loaded with the hatches open. The main exposure on chemical tankers is thus to hydrocarbons from petroleum products. 4 5 We, therefore, decided to include these in the same group as product tankers.
Mates and able seamen on chemical and product tankers could be exposed at least during short periods to high concentrations of cargo vapours containing benzene from gasoline or other petroleum products during loading or unloading. [6] [7] [8] On crude oil tankers, the exposure to benzene, for example, is considerably lower than on product tankers, and the risk estimates were also generally lower for work on crude oil tankers.
Benzene is an established cause of leukaemia and has also been suspected to cause other lymphohaematopoietic malignancies such as lymphoma, especially non-Hodgkin's lymphoma, and multiple myeloma. 9-14 18-20 The association between benzene exposure and leukaemia has been most convincingly shown for acute myeloid leukaemia (AML). It has been a matter of debate whether exposure to benzene is also associated with other cell types of leukaemia. 13 14 19-21 A comparatively large cohort study of chemical workers showed significant dose-response relations between cumulative exposure to benzene and excess mortality from leukaemia, as well as the broader category of all lymphatic and haematopoietic cancer, although there was no death from AML. 22 It has been suggested that high exposure to benzene predominantly causes AML, whereas chronic low grade or intermittent exposure to benzene, especially together with other aromatic hydrocarbons, may cause other forms of leukaemia and lymphoma. 23 In a study of rubber workers, the risk of death from lymphatic leukaemia was about 7 for workers in jobs with high exposure to solvent (compared with other workers), and about twofold in jobs with medium or light exposure to solvents. 24 The power to detect an increased risk of AML, or any specific type of leukaemia, or non-Hodgkin's lymphoma in our study is low as there are only a few exposed cases.
In this study we cannot separate the eVect of exposure to benzene and to other chemicals in cargo vapours (mainly aromatic and aliphatic hydrocarbons) as these exposures are highly correlated. We have, however, not found any convincing evidence in the literature that other constituents of petroleum products could cause lymphatic or haematopoietic malignancies.
Moen et al found a significantly increased morbidity and mortality of cancer in seamen who had been working as mates on Norwegian tankers, especially oil tankers. 2 3 Work as a captain was not associated with any significantly increased risk. The risks for lymphatic and haematopoietic malignancies were not calculated separately.
No increased mortality from leukaemia was found in a study of distribution employees with potential exposure to gasoline on marine vessels in the United States, but there was a non-significant mortality increase for AML (SMR 150.5) in land based terminal employees. 25 However, the SMR for all causes was low, especially for land based cohort members (SMR 51). According to the authors, this was probably due to selection at time of hire, and when compared with the general population, better health maintenance, less smoking, less drinking, and higher socioeconomic status.
The benzene content of gasoline, which is one of the main cargoes transported on product tankers, is generally <1.5% in the United States compared with about 2%-4% in Sweden and England. Yet a study of gasoline station attendants in the United States showed a significant excess of leukaemia 26 and case reports indicated leukaemia cases related to gasoline exposure in the United States. 27 Tanker drivers exposed to gasoline with relatively low levels of benzene showed significantly increased mortality due to leukaemia in a Canadian study. 28 The increased risk was only significant in the analysis of the 1970 cohort data. In the 1960 cohort, there were only a few exposed cases, making risk estimates imprecise. The diVerence in risk between 1960 and 1970 cohorts may possibly be due to diVerence in exposure. The transportation of gasoline on tankers has increased considerably since 1960, especially when compared with fuel oils, which also are transported on product tankers. The amount of gasoline unloaded in Swedish harbours was >300% higher in 1980 when compared with 1960. 29 30 The exposure to benzene, for example, is thus probably substantially higher for the exposed group in the 1970 cohort.
The exposure to cargo vapours has probably decreased during the past decade on most modern ships due to diVerent loading techniques. Previously the gauging was done manually with the mate looking down through the ullage hole or hatch. Due to the high loading capacity the emission of cargo vapours through these openings was high. In modern ships the gauging is done by instruments-for example, radar-and thus the exposure during loading is much lower. Measurements 
